Recent research shows that New Caledonian crows can incorporate information from researcher-made objects into objects they subsequently manufacture. This 'mental template matching' is one of several possible -mutually compatible -mechanisms for the cultural transmission of tool designs among wild crows.
New Caledonian crows are renowned for their ability to make and use a variety of tool designs to winkle out prey from hiding places [1] ( Figure 1A) . These designs vary considerably in shape, size and overall complexity, with striking population differences in tool repertoires [2] . It has been suggested that this diversity results from the cultural accumulation of innovations [2, 3] . This is an exciting possibility, given that such cumulative cultural evolution was once believed to be a uniquely human phenomenon [4] . But there is a catch: all cultural processes depend on the social transmission of information between individuals, and despite decades of research, the importance of tool-related social learning in New Caledonian crows -let alone of specific mechanisms -remains poorly understood [5] .
In a new study, Jelbert et al. [6] show that, in captivity, some New Caledonian crows can tear shapes from cardboard that are more similar in size to previously-rewarded than unrewarded templates ( Figure 1B) . The authors argue that such 'mental template matching' could enable wild crows to recreate, from memory, novel tool designs they have encountered in the environment, without having to observe the manufacturing process itself. The operation of such a social-learning mechanism, based solely on artefacts, would have important implications for the maintenance and evolution of tool cultures [7] . For example, information could be transmitted between unrelated crows more easily than previously thought [8] , or it could even 'jump' between individuals that have never met.
In the experiment [6] , subjects experienced three phases: pre-training, where they were trained to drop provided cardboard tokens into a 'vending machine' to earn a reward, and later to tear their own tokens from a sheet; experimental training, where they learned that only provided tokens of a given size (either large or small) would be rewarded; and testing, where they were required to manufacture and use their own tokens, with rewards dispensed at random. Testing was interspersed with reminders of the rewarded token size, or 'template'. Strikingly, tokens made by six of eight crows were more similar in size to recently-rewarded templates; all four tested adults succeeded, as did two of four juveniles.
It is well-known from 'delayed matching-to-sample' experiments that many animals can recognise images (or objects) that were associated with food rewards in the recent past [9] . But to our knowledge, the study by Jelbert et al. [6] provides the first experimental demonstration that a non-human animal can fashion an object that replicates aspects of a recently-encountered template. This is a remarkable ability, as template matching is a so-called 'illstructured problem', in which the end state of a challenge is known, but no information is provided on how to achieve it [10] . Copying artefacts is difficult even for young children [10] , but importantly, can apparently enable the cumulative improvement of technology [11, 12] . The capacity's discovery in New Caledonian crows sheds new light on their object-related learning skills, and demands a critical evaluation of relevant evidence from laboratory and field.
Behavioural observations confirm that an artefact-focussed transmission mechanism could potentially operate in the wild. Juveniles routinely handle their parents' tools and pick up tools that have been discarded by conspecifics at foraging sites [13, 14] . These artefacts are laden with potentially valuable information [7] . For example, birds may learn about foraging locations where tools can be profitably used, or about the tools themselves, such as what material they are made of and what design features they incorporate -key building blocks for forming a mental template of what a tool should look like. Tool size, which was investigated in the recent study [6] , is a crucial feature of the tools New Caledonian crows cut from the barbed edges of pandanus leaves, which come in at least three distinct design variants: rectangular 'wide' and 'narrow' tools ( Figure 1A ), and tapered 'stepped' tools [1, 2] .
But can other -perhaps simplertransmission mechanisms be ruled out? Jelbert et al. [6] appear confident that they can, as they suggest that mental template matching has now become the leading hypothesis to explain why New Caledonian crows' foraging tools display some of the hallmarks of cumulative cultural evolution. In support of this claim, they argue that (juvenile) New Caledonian crows do not appear to closely observe the process of tool manufacture in the wild, and that birds do not seem to 'imitate' the actions of conspecifics. These points are worth examining more closely.
Long-term field studies have shown that juvenile New Caledonian crows closely follow their parents during their first year of life, enjoying abundant opportunities to observe directly how tools are manufactured from raw materials and subsequently used for prey capture [13] [14] [15] [16] . In fact, parents regularly allow their offspring to hold or manipulate the tool they are handling; such 'coaction', which is also known from some tool-using primates, affords exceptional access to social information. Jelbert et al. [6] cite a study on the development of wide pandanus tool manufacture [14] where juveniles appeared to observe tool use much more than tool manufacture. As the authors of this earlier paper had clarified, however, this result was most likely an artefact due to the experimental separation of manufacture and foraging sites; the youngsters had simply learned to wait for their parents near the logs where researchers had predictably hidden juicy food rewards [14, 15] . Under natural conditions, wide pandanus tools are both manufactured and used in pandanus crowns, and juveniles routinely witness the whole production process [14, 15] . While the use of narrow and stepped tools away from crowns appears to be common ( [1] and G.R.H., personal observation), we regularly recover abandoned stepped tools inserted at the base of pandanus crowns, where prey hide in accumulated detritus, and it is sometimes evident that they had been manufactured in the same tree. Young crows that follow their foraging parents into pandanus crowns will certainly be able to observe tool manufacture at close range.
So, what is known about the sociallearning capabilities of New Caledonian crows? Two earlier experimental studies have found compelling evidence that learning is context-specific, but were unable to firmly discount other mechanisms. Kenward et al. [17] reported that hand-raised juvenile crows preferred to interact with objects that they had observed being handled by their human foster parent, but the researchers did not explicitly investigate other types of social learning. More recently, Logan et al. [18] found a similar effect -and no evidence of copying specific actions -when charting the diffusion of information in temporarilycaptive groups of crows. While this carefully-designed experiment could in principle detect different social-learning mechanisms, only three groups were tested, and only one of these consisted of a family unit, which is the natural context in which we would expect most social learning to occur. Importantly, neither of these studies employed a tool-manufacture paradigm, so they could only make inferences about general, rather than toolmanufacture-specific, social-learning capacities [18] . Given these caveats, it seems premature to rule out the possibility that New Caledonian crows can learn about tool designs from watching -and interacting with -skilled demonstrators [3] .
In conclusion, although mental template matching could potentially contribute to the transmission of tool designs in wild New Caledonian crow populations, other mechanisms cannot be discounted. That said, Jelbert et al.'s study [6] has opened up promising avenues for future work. Apart from exploring further the robustness of the observed template-matching effects, it is now vital to investigate: whether New Caledonian crows can learn about the shapes of objects in addition to their size; whether they can memorise template information over periods of more than a few minutes; and whether the transmission fidelity achieved by this mechanism is consistent with the artefactual record from wild populations. Developmental processes also demand attention, as Jelbert et al.'s [6] results appear at odds with the ontogeny of a similar, but much better-studied, template-matching mechanism: song learning in birds. Here, in common with other kinds of highly-specialised learning, individuals acquire their mental templates during a 'sensitive phase' early in life, while the only crows to fail the recent object-related test were juveniles. In an ironic twist, these latest findings will actually constrain the designs of future experiments: the ability of wild New Caledonian crows to potentially assimilate information from human-presented objects means that researchers must take great care to avoid corrupting natural cultures [5] .
Given the diversity, complexity, and spatial distribution of their tool designs [1, 2] , New Caledonian crows may provide the only known non-primate example of cumulative cultural evolution of technology [3, 4, 19] . This makes them an exceptionally valuable model system for gaining comparative insights into the processes that shaped humans' astounding technological prowess. Research into the transmission of New Caledonian crow tool designs is still in its infancy, and on current evidence, all acquisition mechanisms remain on the tableincluding various forms of social learning (as discussed here), individual learning, and even genetic predispositions [20] . In fact, we strongly suspect that multiple processes play a role in the wild, and that the principal research challenge will be to evaluate their relative contributions to these birds' remarkable technologies.
The superior colliculus contains neurons sensitive to motion direction. New research shows that these neurons are anatomically clustered: those representing the region of visual space 'seen' by both eyes preferentially respond to nasal motion directions and others to opposite directions.
When we navigate our environment, different parts of our visual field undergo different patterns of luminance and color changes. For example, walking down a corridor, the point farthest away from us moves in an expansive manner on our retinae such that, in the horizontal dimension, we experience motion directed away from our midline, in a so-called 'temporal' direction ( Figure 1A , left panel, red dashed rectangle). If we were to now turn right, we experience leftward image motion; in our right visual field, such leftward motion is now directed towards our midline rather than opposite it, in a so-called 'nasal' direction ( Figure 1A , right panel, red dashed rectangle). How different brain circuits process such nasal and temporal motion signals depends on their functional specializations. A new study by de Malmazet et al. [1] , reported in this issue of Current Biology, has found that directionselective neurons in the mouse superior colliculus are clustered in a very specific manner: neurons with visual receptive fields representing the binocular zone of the mouse visual field
